Defense reactions of the dental pulp involve a variety of biological reactions, in which the immune system plays a very important role. The class II major histocompatibility complex (MHC) molecule expressing cells, termed dendritic cells and lymphocytes in human dental pulp are highly sensitive to exogenous antigenic stimuli. Their drastic changes in number and localization are induced by dental caries. This study investigated the responses of the immune system in two different clinical conditions: shallow and deep cavities. Cells were identified immunohistochemically by using the following monoclonal antibodies: HLA-DR, CD45RO and CD20. Initial pulpal response was characterized by a localized accumulation of HLA-DR antibody-positive cells in the pulp tissue beneath the dentinal tubules communicating with the caries lesion. In the pulp of progressed caries, a large number of HLA-DR-positive cells was observed with a marked increase of other kinds of immunocompetent cells. This might indicate the occurrence of antigen presentation locally in the pulp tissue, which is very important for the immune response.
Introduction
In the oral cavity a number of elements are present which potentially can be injurious to the pulp Cox, 1992; Ebersole, 1992) . It is now well documented that bacteria and bacterial by-products are associated with most pulpal disease processes, activating various forms of immune reactions by acting as antigens (Fleming, 1985; Izumi, et al., 1995) . Manifestations of these responses are governed by a locally provided immune system which is specifically adapted to the anatomical features of the dental pulp.
Antigens are recognized and processed during the initial defense of the dental pulp. The presence of immunosurveillance components in the pulp was unveiled by the recent discovery of antigen-presenting cells that are capable of inducing an immune response by presenting processed foreign antigens to T-lymphocytes (Izumi, et al., 1996; Jontell, et al., 1988; Jontell, et al., 1998) . These cells are believed to be associated with recognition of foreign antigens in non-lymphoid organs (Jontell, et al., 1992; Jon- tell, et al., 1994) . Dental pulp is equipped with major histocompatibility complex (MHC) class II molecule-expressing cells for initiating immune responses to exogenous antigenic stimuli. In intact teeth, they are distributed mainly in and around the layer of odontoblasts and are called pulpal dendritic cells. Drastic changes in their localization are induced by human dental caries (Yoshiba, et al., 1996; Kamal et al., 1997; Jontell, et al., 1991; About, et al., 2001 ) and after cavity preparation in rats (Ohshima, et al., 1995; Tanabe, et al., 2002; Okiji, et al., 1997 Murray, et al., 2002 . Analysis of these data suggests that class II molecule-expressing cells are highly sensitive to antigenic stimuli penetrating dentinal tubules (Kim, et al., 1998; Kamal et al., 2000) . Caries attack also induces changes in the distribution of lymphocytes; they become concentrated beneath the carious lesions (Sakamoto, et al., 1992; Izumi, et al., 1995) . Following the exogenous invasion of microorganisms, host defence reactions, such as inflammatory and immunological reactions, take place in the pulp in order to eliminate the foreign pathogens and to maintain the local homeostasis in the pulp. (Cooper, et al., 2010) . Interactions between lymphocytes and MHC class II molecule-expressing cells have been shown in pulpal inflammation (Farges, et al., 2013) .
U N C O R R E C T E D P R O O F
The focus of this paper is to investigate pulpal responses in carious teeth with shallow and deep cavities and to understand how and which immmunocompetent cells infiltrate the pulp in association with the development of carious lesions and the distribution of MHC class II moleculeexpressing cells and lymphocytes.
Material and method
We have examined 60 human teeth from patients at the age of 9 to 14 years. Teeth were extracted from various therapeutic reasons (mostly from orthodontic reason), and immediately cut longitudinally; pulp tissue was extirpated and fixed in formalin for 24 hours at 4 °C. The specimens were embedded in paraffin, according to standardized laboratory procedure. Sections were cut at 5 μm thickness and stained by the streptavidin-biotin complex immunoperoxidase method. Cells were identified immunohistochemically by using the following monoclonal antibodies: HLA-DR (for dendritic cells), CD45RO (for memory Tlymphocytes) and CD20 (for B-lymphocytes).
To verify our hypothesis, we analyzed pulpal responses in two different clinical conditions: shallow (n=30, pulp with caries in dentin, about 2-3mm from the pulp chamber) and deep cavities (n=30, pulp with caries deep into the dentin, 0.5-1.5mm from the pulp chamber).
The depth of the carious lesion was determined by the pigmentation of hard tissues.
The main numbers of dendritic cells, T-cells and B-cells in each group were statistically analysed with ANOVA.
Results
The number of antigen-presenting and immunocompetent cells in each group is shown in Table 1 In shallow dentinal lesions a few HLA-DR cells were present and they were distributed mainly around an odontoblast layer and along the dentin-pulp border (Fig. 2) .
As the caries lesion advanced, cells expanded toward the center of the pulp. Under deeper cavities HLA-DR-positive cells were dispersed among affected odontoblasts and they have displaced odontoblasts below the cavities. Cells were markedly increased, but not significantly (Fig. 3 ).
An increase of CD45RO-positive cells T-lymphocytes was observed in majority of specimens in teeth with moderate to deep caries. These cells were concentrated below the para-odontoblastic region, forming an aggregation. The number of T-cells was markedly increased in deep cavities and significant differences were evident between group 1 and 2 (p<0.01), (Fig.4 and Fig.5 ).
The number of CD20-positive B-lymphocytes was much smaller than that of T-lymphocytes in most specimens. A considerable number of CD20-positive cells was detected among lymphocytes forming clusters in deeper cavities, with significant differences between group 1 and 2 (p<0.01), (Fig. 6 and Fig. 7) .
Discussion
Primary etiological factor of pulpal disease is penetration of microorganisms into the pulp, mainly via carious dentin. Following the exogenous invasion of microorganisms, host defence reactions, such as inflammatory and immunological reactions may, take place in the pulp in order to eliminate the foreign pathogens and to maintenance the local homeostasis in the pulp (Goldberg, et al., 2008) . Defence reactions of the dentin/ pulp complex involve a variety of biological systems, in which the immune system plays a very important role (Nahn, et al., 2007) . The recognition of B and T-lymphocyte subpopulations in tissues was made possible by the advent of immunohistological staining techniques using monoclonal antibodies against specific surface Immunohistochemical study of the inflammatory response of the dental pulp 
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molecules on lymphocytes. Three monoclonal antibodies directed to antigen-presenting and immunocompetent cells were used to study pulpal tissues. This study describes the quantitative and qualitative changes of dendritic and immunocompetent cells in the human dental pulp with developing carious lesions. T-lymphocytes showed an increase even in teeth with shallow dentinal caries, while B-lymphocytes increased only in teeth with deep caries. We can assume from these findings that during the carious process B-lymphocytes appear later than T-lymphocytes at the site of carious injury. This give support to the central role of T-lymphocytes in the initiation of pulpal specific immunity following exposure to protein antigens. Signals provided by T-lymphocytes most likely are prerequisite of other antigen specific effector cells such as B-lymphocytes. Distribution of HLA-DR positive cells in human carious teeth has been reported (Sakurai, et al., 1999; Yoshiba, et al., 1996; Rescigno, et al., 2001) . In teeth with deep dentinal caries there was a marked localized accumulation of these cells at the pulpal region immediately subjacent to the pulpal end of the carious dentinal tubules. The accumulation in this position indicates that these cells are responding actively to incoming carious bacterial antigens that permeated dentinal tubules. In most specimens, localized accumulation of T-lymphocytes was noticeable, while there was only a small number of B-lymphocytes in and around the area of the dendritic cells accumulation. These findings suggest an initial critical role of a local interaction between pulpal dendritic cells and memory T-lymphocytes. Sotirovska-Ivkovska, et al., 2000; Sotirovska-Ivkovska, et al., 2001) . This interaction may result in the activation of T-lymphocytes and dendritic cells, which than facilitates the mobilization and activation of different types of effector cells and triggers a cascade of immunopathologic events involved in the pulpal pathological processes associated with dental caries.
This study provides evidence that cavity depth influences the distribution of HLA-DR-positive dendritic cells and lymphocytes. Reduction in the thickness of residual dentin had an impact on the distribution of the cells. These changes are in agreement with findings from studies on the distribution of dendritic cells and lymphocytes in human teeth. Early pulpal response to bacterial diffusion of bacterial products through dentinal tubules elicits the influx of dendritic cells, T-lymphocytes and rare B-lymphocytes. As the infection is coming closer to the pulp, the response assumes a typical mixed character, consisting of T-cells and B-cells.
Conclusion
Our present findings indicate that human dental pulp is equipped with a functional immune response against microbial insults from dental caries.
In the initial stage of caries infection, an immunoresponse mediated by class-II-expressing cells is initiated in human dental pulp.
T-lymphocyte-mediated immune responses has central role in the initiation of pulpal specific immunity following exposure to protein antigens. Signals provided by T-lymphocytes most likely are prerequisite for the activation of other antigen specific effectors cells such as B-lymphocytes. 
